bacteria has been undertaken, for example from Bacillus circulance WL-12, Enterobacter sp. G1, Stenotrophomonas maltophilia C3, Bacillus sp. NCTU2, Aeromonas sp. 10 S-24, Enterobacter sp. NRG4, (Park et al. 1997; Watanabe et al. 1999; Zhang et al. 2001; Min-Wen et al. 2002; Ueda et al. 2003; Dahiya et al. 2005) . In nature, some bacterial species can produce chitosanases which hydrolyze chitin (Shimosaka et al. 1995) and cellululose (Reyes and Corona 1997) as their substrates. Mahata et al. (2005) reported that isolate 99 could produced both chitosanase and chitinase (at first, it was found that this bacterium could only produced chitosanase, whose activity was lower than that of isolate 97). Both chitosanase activities from isolate 99 and 97 were higher than the activity of Matsuebacter chitosanotabidus 3001 (a novel chitosanase bacterium isolated from water from Matsue city, Japan) used as control bacterium. The growth rates of isolate 99 in colloidal chitin solution and solid colloidal-chitin-agar medium were higher than that of other chitinase producing bacteria (119, 130, 136 , and Enterobacter sp. G-1) in the same medium. Wide clear zones were produced by isolate 99 in solid colloidal chitin agar media. So far, we do not known how many types of chitinases and chitosanases are present in nature. The aims of this research was to characterize the chitinase from isolate 99 compared with the characteristics of chitinase from chitinolytic bacterium Enterobacter sp. G-1 as a control bacterium since it produces both chitinase and chitosanase.
MATERIALS AND METHODS

Materials.
The bacteria used in this experiment were isolate 99 and Enterobacter sp. G-1 from the laboratory collection of the Department of Biochemistry and Biotechnology, Faculty of Life and Environtmental Science, Shimane University, Japan.
Bacteria Culture and Chitinase Production. Single colonies of isolate 99 and Enterobacter sp. G-1 were cultured in 2 ml of Luria Bertani medium (1% polypepton, 0.5% yeast extract, and 1% NaCl) at pH 7.2 and 30°C for 24 h. taken from Luria Bertani medium and cultured in 200 ml colloidal chitin solution. Every day, 2 ml of each bacteria culture were taken and centrifuged at 3 500 rpm for 5 min. After centrifugation, the supernatant was separated from the pellet (bacteria) and kept at 4°C for the analysis of enzyme activity, specific activity, optimum temperature, and stability, optimum pH and stability and also to analyze the effect of some metal ions on chitinase activity. Chitinase Activity and Specific Activity. Chitinase activity was determinated employing modified Schales method with colloidal chitin as substrate (Imoto and Yagashita 1971) . A mixture of 0.5 ml colloidal chitin solution (pH 5.2), 1.48 ml McIlvaine buffer pH 7.0 and 20 μl chitinase sample from isolate 99 and Enterobacter sp. G-1 were incubated at 30°C for 30 min in shaking incubator. The reaction was stopped by boiling the mixture (100°C) for 15 min, and then centrifuged at 3 500 rpm for 5 min. As much as 1.5 ml of the supernatant was placed in a testube into which 2 ml Schales reagent was added. The reducing sugar (product of the reaction) in the supernatant was detected spectrophotometrically (spectronic 21) at A 420 nm. One Unit of chitinase activity equals the amount of chitinase needed to produce 1 μmol reducing sugar which was equivalent to N-D, Acetyl glucosamine per min. Specific activity is measured by comparing chitinase activity (U) with protein content of the enzyme (μg protein), the protein content is measured by Lowry et al. (1951) method.
Optimum Temperature and Stability. Optimum temperature for chitinase activity from isolate 99 and Enterobacter sp. G-1 were determinated at 20, 30, 40, 50, 60, and 70°C, and enzyme stability was determined at 20, 30, 40, 50, 60, 70°C for 60 min.
Optimum pH and Stability. Optimum pH of chitinase from isolate 99 strain and Enterobacter sp. G-1 were measured at pH 2 to 8 by using McIlvaine buffer. The chitinases sample from both bacteria were added to colloidal chitin substrate and incubated at 30°C for 30 min after which chitinase activity was analyzed. The pH of chitinase stability was measured at pH 2-8 and 30°C for 60 min and the colloidal chitin substrate was added before measuring chitinase activity.
The Effect of Metal Ions on Chitinase Activity. The effect of metal ions on chitinase activity produced by isolate 99 and Enterobacter sp. G-1 were determined employing Schales method (Imoto andYagashita 1971) . The chitinase sample from both bacteria were preincubated with certain ions (Mg 2+ , Na 2+ , Zn
2+
, Cu 2+ , and Fe 2+ ) in McIlvaine buffer pH 7.0 at 30° C for 30 min. The final concentration of metal ion in mixed solution was 1 mM. All ions were as chloride with the exception for Cu 2+ which was a sulphate.
RESULTS
Chitinase Activity and Specific Activity. The highest chitinase activity from isolate 99 was found on fourth day incubation while that from Enterobacter sp. G-1 on the third day (Fig 1) . Chitinase activity from isolate 99 was 0.039 U/ml and its specific activity was 0.56 U/mg protein.
Chitinase activity from isolate 99 and its specific activity were higher than those of Enterobacter sp. G-1 which were 0.029 U/ml (Fig 2) and 0.48 U/mg protein (Fig  3) .
Optimum Temperature and Stability. The optimum temperature of chitinase from isolate 99 was 50°C, and the temperature stability range was 20-60°C. The optimum temperature of chitinase from Enterobacter sp. G-1 was detected at 40°C and its temperature stability was at 20-50°C after 60 min incubation (Fig 4 and 5) .
Optimum pH and Stability. The optimum pH of chitinase from isolate 99 was 5 and its pH stability range was 4 to 7, while the optimum pH of chitinase from Enterobacter sp. G-1 was 7 and its pH stability was 3 to 7 after 60 min incubation (Fig 6 and 7) . 
DISCUSSION
This study revealed that the activity of chitinase from isolate 99 (0.039 U/ml) was higher than that of Enterobacter sp. G-1 (0.029 U/ml), but its activity was lower than chitinase activity from Paneibacillus illinoisensis (3.4 U/mg) which was isolated from a garden soil containing crab shell on the west coast of Korea (Hwan et al. 2006) . The chitinase from isolate 99 later will be used for hydrolyzing chitin in shrimp waste, and then the shrimp waste is used for poultry feed. Yamasaki et al. (1993) reported that Enterobacter sp. G-1 was both a chitosanase and a chitinase producing bacterium, but its chitinase activity was lower than its chitosanase activity. The highest chitinase specific activity from isolate 99 was 0.56 U/mg protein which was higher than the highest chitinase activity from Enterobacter sp. G-1 (0.48 U/mg protein). This fact indicated that chitinase protein content from both bacteria was equivalent with its activity. Compared with other bacteria, chitinase specific activity from isolate 99 in this experiment was higher than that of Stenotrophomonas maltophilia C3 (0.14 U/mg protein), but lower than purified chitinase from Pseudomonas aeruginosa Strain 385 (1.12 U/mg protein) (Thompson et al. 2001 and purified chitinase from Aspergillus fumigatus Y J-407 (3.36 U/mg protein) (Xia et al. 2001) . This experiment showed that isolate 99 was a potential chitinase producing bacterium. Its ability to produce chitinase was better than that Enterobacter sp. G-1, and it was also a potential chitosanase producing bacterium because its chitosanase activity was higher than that of Matsuebacter chitosanotabidus 3001 in previous experiments (Table 2) (Mahata et al. 2005) . This experiment found that the isolate 99 is a bacterium that can produce both chitinase and chitosanase.
The optimum temperature of chitinase from isolate 99 was 50°C which was higher than the optimum temperature of chitinase from Enterobacter sp. G-1 (40°C). This data shows that chitinase from isolate 99 was more tolerant to high temperature than chitinase from Enterobacter sp. G-1, but that its activity in optimum temperature was lower than that of Enterobacter sp. G-1. Yi -Wang et al. (2001) stated that the optimum temperature of exochitinase from Bacillus cereus was 35°C who it was lower than chitinase from isolate 99, but relatively similar to chitinase from Enterobacter sp. G-1. Min-Wen et al. (2002) also found that the optimum temperature range of chitinase from Bacillus sp. NCTU2 was 50 to 60°C, and that the chitinase optimum temperature from isolate 99 was within in this range. This experiment also found that the temperature stability (incubated at 60 min) of chitinase from isolate 99 was 20 to 60°C , and for Enterobacter sp. G-1 it was between 20 to 50°C. This data showed that chitinase from isolate 99 was more tolerant and stable at high temperature compared with chitinase fom Enterobacter sp. G-1, but that its activity was not as high as chitinase activity from Enterobacter sp. G-1. Yi-Wang et al. (2001) reported Bacillus cereus had a wide range of temperature stability, the range was from 4 to 70°C. The temperature stability of chitinase from isolate 99 and Enterobacter sp. G-1 in these studies were within this range. Apparently, the chitinase from isolate 99 can be characterized as a thermotolerant enzyme and its stability is adequate for industrial application.
In acid conditions, chitinase from isolate 99 degraded chitin more actively than chitinase from Enterobacter sp. G-1. In general, the optimum pH of chitinase from microorganisms (bacteria, yeast, fungi) is 3.5 to 8 (Koga et al. 1999) , and the optimum pH of chitinase from isolate 99 and Enterobacter sp. G-1 in these experiments were within the range reported. Chitinase activity from isolate 99 was stable at pH 4 to7, while Enterobacter sp. G-1 was stable at pH 3 to 7. Chitinase from both bacteria were stable in acid or alkaline conditions. The pH stability of chitinase from Bacillus cereus and Bacillus sp. NCTU2 were 2.5 to 8 (YiWang et al. 2001 and Min-Wen et al. 2002) (Table 1) . Its response to other ions is still unknown.
In conclusion, the chitinase characteristics (enzyme activity, temperature, pH, and the effect of metal ion on chitinase activity) from isolate 99 were better and it was more tolerant than those of Enterobacter sp. G-1. 
